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(54) Title: METHOD OF PRODUCING AEROGELS AND APPARATUS FOR CARRYING OUT THE METHOD 

(57) Abstract 

The invention relates to a method of pro- 
ducing aerogels and to an apparatus for carry- 
ing cut die method. The aerogels are produced 
semi-continuously by per se known methods in 
that, following gel formation, the lyogel is trans- 
ferred to a mobile container for at least two fur- 
ther procedural steps, the container comprising in- 
lets and outlets and in mat for these procedural 
steps, die container is moved to appropriate sta- 
tions for the supply and discharge of materials, 
at which stations it is connected to feed and dis- 
charge means and in that the procedural steps are 
carried out there An apparatus for carrying out the 
method comprises a container with a container top 
part and container bottom part, an encircling seal 
and a bag adapted to be placed into the container, 
the bag being connected along the opening and at 
least partially to thickening elements, container top 
and bottom parts being connected along their pe- 
riphery in gaslight fashion to corresponding parts 
of a retaining device. The container bottom part 
with the lower part of the holding device, the seal 
and the container top part with the upper part of the 
retaining device can be connected in gastjght fash- 
ion and at least one of the parts of the retaining 
devices has an opening to receive die bag and at 
least one of the parts of the retaining device has a 
plurality of individual projections or an encircling 

bead so that the minimum distance between the projections or the bead and the other part of the retaining device is greater than the thickness 
of the thickening elements of the bag and in that the rim of the bag with the thickening elements is held between the projectional bead and 
the seal. 
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METHOD OF PRODUCING AEROGELS AND APPARATUS FOR CARRYING OUT 

THE METHOD 

Description 

The invention relates to a method of producing aerogels and to an apparatus for carrying 
out the method 

LyogeU are geb which contain b fluid, the disponing agent In the particular case where 
the gel fluid is water, they are also referred to as hydrogels. In the present Application, 
the concept of ryogels also includes hydrogels. 

Aerogels in the wider sense, i.e. in the sense of "gel with air as the dUaperauig«Agent\ are 
produced by drying a suitable gel. In this sense, the term 'aerogel' includes aerogels in the 
narrower sense, xerogeb and cryogels. In this respect, a dried gel is termed an aerogel 
in the narrower sense, when the fluid of the gd is eliminated at temperatures above the 
critical temperature and starting from pressures above the critical pressure. On the other 
hand, if the fluid in the gel is eliminated sub-critically, for example with the formation of 
a liquid-vapour interphase, then the resulting gel is often referred to as a xerogeL 

Unless the text mentions an explicit qualification, the present Application refers to 
aerogels in the wider sense. 

For so&d substances, aerogels have a very low density and a high porosity. Therefore and 
on account of the very small pore size, aerogels, particularly those with porosities above 
60*/» and densities below 0.6 g/cu.cm, display extremely low thermal conductivity and ire 
therefore used as heal insulating materials, as described for example in EP A 0 171 722. 

By virtue of the low density, however, aerogels also display minimal mechanical stability, 
particularly in respect of shearing loadings and abrasion. 

For industrial applications, aerogels are predominantly used as a granulate. For 
application, what is essential Is that the aerogel granulate to be used should consist of 
particles of a suitable shape, preferably a spherical shape, and size distribution. 

SUBSTITUTE SHEET (RULE 26) 
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The steps absolutely necessary for the production of aerogels are the production of a 
suitable gel and the drying. In principle, a distinction must be made between super-critical 
and sub-critical drying processes, as described above. As a rule,, following the actual 
production of the gel, further procedural stages are carried out prior to drying. 

For industrial application, aerogels are used almost exclusively in the form of a granulate 
which is more easily produced and which is on the other hand more easily used. The 
procedural stages following actual gel production are then carried out on gel granulate in 
bulk or heaps with typical grain diameters of 0.1 nun to 20 mm and which are typically 
readily permeable to gases and fluids. 

In the case of super-critical drying, disclosed for example in WO 95/06617 for the 
production of SiOj aerogels from S1O2 hydrogels obtained from water glass and by super- 
critical drying, at least one solvent exchange is mostly needed in order to exchange the 
original gel fluid, e.g. water in the case mentioned, for a fluid, e.g, methanol or COj, 
suitable for super-critical drying. Hie super-critical drying itself must then be carried out 
in autoclaves on account of the considerable pressures in the super-critical range. 

For sub-critical drying in an aerogel, by virtue of the capillary forces which occur in sub- 
critical drying and the shrinkage involved, not all lyogels are suitable. Upon drying, the 
gel shrinks considerably if the fluid meniscus migrates into the interior of the gel and then, 
as from a certain point in the drying, springs back more or less completely to its original 
form. And so, according to the qualities of the inner gel surface, a certain minimum 
stability of the gel network is needed, a modification of the inner gel surface often being 
needed in order to prevent a reaction on the part of adjacent pore walls in the shrunk state 
and a collapse of the gel which would result Corresponding processes in which the inner 
surface of an Si0 2 ryogel is organically modified and the resulting gel is sub-critically dried 
to an aerogel, are disclosed for instance in US-A-5 565 142, DE-A-434 254 B and the 
unpublished German Patent Application 196 48 798. Gases unsuitable for sub-critical 
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drying collapse during sub-critical drying, with a loss of their porous structure and 
therefore they no longer have the favourable qualities of aerogels. Therefore, along with 
the drying stage, at least one stage is typically required for chemical modification. 

Lyogels for xerogels which are used in the area of catalysis are, prior to drying, typically 
subjected to stages to modify the surface, which means additional procedural steps. 

The carrying out of this method on an industrial scale does present problems, also on 
account of the low mechanical stability of the gels. 

In principle, the simplest are batch processes. In this respect, there are substantially two 
alternatives: 

On the one hand, the gel can, for different procedural stages, be transferred to various 
respectively suitable appliances, eg. exchange devices, reaction containers, autoclaves, 
etc. Transport of the gels from one appliance to the next must take place in a very 
protective and therefore slow and/or expensive fashion as otherwise undesirable grain 
fracture can easily occur. Furthermore, large appliances which are favourable from the 
investment point of view, give rise to relatively long charging times and, in consequence, 
also considerable differences in dwell time which can have a substantial effect on the gel 
quality. 

A further ahernative is to conduct all reaction stages in one appliance which then certainly 
would need to embody fairly complicated piping so that the various fluids and gases can 
be fed in and discharged. 

General drawbacks of the alternatives described reside in the fact that on grounds of cost 
the fewest and largest appliances ought to be used and yet many appliances are of small 
maximum size in relation to the quantity to be produced, which results in very high 
production costs. On the other hand, large-sized appliances can also readily lead to 
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maldistribution effects and wide-ranging dwell times. For super-critical drying, it is harder 
to imagine anything other than batch processing. 

In the case of sub-critical drying, continuous processes are indeed desirable but consider- 
able problems arise out of the typically necessary use of greatly corrosive chemicals. The 
materials of many moving parts of for instance belts for surface modification and the 
mechanism which moves the belts must be resistant to the corrosive materials. The 
construction and cost problems which result and which are occasioned by the typically 
necessary prolonged dwell times are substantial. 

Therefore, the object on which the present invention was to find methods of producing 
aerogels but which are simple and which, at minimal cost, allow the production of even 
large quantities of aerogels. 

A further object of the invention was to provide an expedient apparatus for carrying out 
the method. 

The problem is resolved by a method of producing aerogels and which is characterised in 
that, following gel formation, the lyogel is transferred to a movable container for at least 
two further procedural stages, the said container comprising inlets and outlets and in that, 
for these procedural stages, the container is moved to the corresponding stations for the 
intake and discharge of substances, at which stations they are connection to feed and 
discharge means and in that the procedural steps are carried out there. 

It is also possible for a plurality of procedural steps to be carried out at one station . 

By using a plurality of containers which are connected to the stations one after another, 
it is possible while simultaneously utilising all the stations to produce aerogel semi- 
continuously. 
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The method according to the invention offers several advantages over a batch process: 
since, on the one hand, the gel has to be less frequently transferred between various 
appliances, the gel is treated very gently during the stages of the process so that there is 
hardly any grain fracture. On the other hand, the above-mentioned complicated piping is 
avoided. 

Since, furthermore, the exchange between various stations takes place relatively quickly, 
smaller containers can be used which results in closer dwell time distributions and fewer 
problems in connection with the even distribution of solvents and/or liquid reactants. 

Furthermore, the method can within certain limits be more easily scaled, since only the 
size of the containers have to be altered. 

In comparison with the conduct of a continuous process requiring considerable outlay on 
the design and construction of belts, the method employed here has the advantage that the 
gel and all the reactants are separate from the movable parts, resulting in substantially 
simpler appliances and thus lower investment costs. Furthermore, the containers are 
sealed in a gaslight fashion so that the waste air problems and difficulties with leaks which 
occur with appliances which have moving parts and shaft bushes do not arise. 

Not all the steps in the process have to be carried out in the manner according to the 
invention. And yet preferably all the stages of the process are preferably carried out after 
gel formation and in the manner according to the invention. 

Preferably, the stations are disposed one after another in the same sequence as the stages 
of the process, so that the containers only have to travel short distances between the 
stations. Preferably, the last station is situated directly alongside the first station so that 
the containers do not need to be travelled over relatively great distances while empty. 
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In principle, all methods of producing aerogels are suitable to be performed in the manner 
according to the invention. It is particularly advantageous to apply the method to the 
production of aerogels of low density, i.e. a density of less than 0.3 g/cu.cm since such 
gels are mechanically sensitive. Preferred methods are in this case those for the produc- 
tion of Si0 2 aerogels on a water glass base, such as are described for super-critical drying, 
for example in WO 95/0661 7 and for sub-critical drying for example in US-A-5 565 142, 
DE-A-43 42 548 and the not-published German Patent Application 192 48 798. 

There are particular advantages in methods for sub-critical drying since, according to the 
method, relatively many procedural steps are needed in that case. 

The containers for carrying out the method according to the invention must obviously be 
suited to the method. For example, in terms of their walls and their inlets and outlets, they 
must be designed to suit the mechanical loadings which arise. This is particularly true for 
the case of super-critical drying in which the containers must in principle be designed as 
mobile autoclaves. The inside walls of the containers as well as the inlet and outlet 
connectors must if necessary withstand corrosive influences, which can possibly be 
achieved with conventional methods, e.g. by enamelling or a coating of suitable synthetic 
plastics. As far as the container material itself is concerned, this may be glass, steel or 
even synthetic plastics material. 

Typical sizes of container lie in the range between 0:2 cu.m and 2 cu.m but it is also 
possible to use larger or smaller containers. 

Preferably, there is in the container at least one means permeable to gases and fluids but 
not to gels, said means being provided at least at those places at which, during at least one 
of the process stages, gases or fluids emerge from the gel. Said means prevents particles 
of gel being carried out of the container by the flow through the pile. The means may just 
be placed into the container or may be connected to it separably or inseparably. 
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Preferably, such means are filter trays provided at a suitable location and taking a suitable 
form. 

Preferably, the Sow through the heat is from the top downwards. In this case, the heap 
or bulk material preferably lies on the filter tray. 

In a particularly preferred embodiment, the means permeable to gases and fluids but not 
to gels consists of a bag into which the gel is filled. Preferably, the bag lies on a grate or 
filter screen, the openings in which are small enough to prevent any significant forcing of 
the bag through the holes and so the danger of damage to bag or gel. 

Then, on the one hand, the gel can be more easily removed from the container but on the 
other, for cleaning or in the case of a blockage, the relative expensive container does not 
need to be taken out of the process. It is sufficient instead to exchange the comparatively 
inexpensive bag. 

The bag must consist of a material which is sufficiently tear-resistant that the bag with gel 
can be handled without any problem and which is unaffected by the solvents and reactants 
used. 

The permeability of the bag, at least of those points where fluid flows in and out, for 
example in the case of a bag which is open at the top, with the flow passing from the top 
downwards on the tray, will be markedly greater than that of the rest of the bag. 

Suitable materials are woven or non-woven synthetic plastics of suitable permeability 
which may be manufactured for example from polyethylene, polypropylene, PTFE or 
PVDF. For the trays, knitted-type metal structures may also be used. 

The bags can also be used for transporting the finished aerogel to the customer without 
the need for it to be transferred, so that it can be conveyed from production to customer 
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in a particularly protective fashion, with a minimum of abrasion. 

For greater ease of handling, the bag is along its opening at least partially connected to 
thickening elements which are preferably flexible, i.e. metal wires, synthetic plastics rods 
or tubes which are stitched or welded on. 

It is particularly preferred for the thickening element to extend along the entire periphery 
of the opening. 

It is advantageous if the thickening element also has springing properties since in this way 
the bag is additionally and automatically held open at the opening. 

Preferably, the element is then contained in a tube formed at the top end of the bag since 
in this way mechanical stresses can be evenly distributed and crease formation is avoided. 

Preferably, the element is formed by a sheathed and springing metal wire which is formed 
into a ring at its ends, for example by a tube which is pushed over it. The sheathing is 
intended to resist corrosion and can be made for instance from PTFE tubing. 

The problem of providing an expedient apparatus for carrying out the method is resolved 
by an apparatus which comprises a container with a container top part and container 
bottom part, an encircling seal and, adapted to be placed into the container, a bag which 
is at least partially connected to thickening elements along the opening, and which also 
comprises a retaining device for the bag. Container top and bottom parts are connected 
along their periphery in gastight manner to corresponding parts of the retaining device, 
so that the container bottom part can be connected to the bottom part of the retaining 
device, the seal and the container top part can be connected to the upper part of the 
retaining device in gas-right feshion. At least one of the parts of the retaining devices has 
an aperture to receive the bag and at least one part of the retaining device comprises a 
plurality of individual projections or an encircling bead so that the minimum distance 
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between the projections or the bead and the other part of the retaining device is greater 
than the wall thickness of the bag and the rim of the bag, together with the thickening 
elements, is held between the projections or bead and the seal. 

The advantage of this apparatus compared with simple apparatuses in which a bag is 
placed into the container with no retaining devices lies in the fact that when the container 
is in use, the reinforcement between projection and seal is maintained so that the bag 
cannot slip into the interior of the container, for instance by violent flow conditions or the 
like. In order to guarantee a reliable sealing of the apparatus, the seal must, when in the 
compressed state, still be thicker than the height of the reinforcement. Hie minimum gap 
between the projections and the other part of the retaining device ought therefore to be 
less than the thickness of the reinforcement. So that the bag is not clamped fast by the 
projection, which could result in punctiform mechanical loadings, and so that the seal can 
also be pressed sufficient firmly, the said distance ought to be greater than the thickness 
of the bag wall. 

The seals used are normal seals or gaskets adapted to the conditions of the process. 

Preferably, the bottom part of the retaining device is an intermediate ring and the upper 
part of the retaining device is an intermediate ring with a plurality of projections or a bead 
along the inner opening. If the opening in the container is not circular, then here and 
hereinafter the term "intermediate ring" must be taken to mean the obvious analogue 
adapted to the shape of the opening in the container. As a result of this arrangement, the 
bag can easily be placed into the bottom part of the container. 

If it is intended also to mount a screen or grate over the bag, then the simplest way of 
producing the retaining device is for the bottom part of the retaining device to be an inter- 
mediate ring while the upper part of the retaining device is an intermediate ring with a 
screen mounted on it, the projections being provided on the screen. 
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By way of example, a preferred embodiment of the method according to the invention for 
producing Si0 2 aerogels from water glass by sub-critical drying is described hereinafter 
with reference to the drawing. 

The drawing shows a preferred embodiment of the retaining device for a bag with 
thickening elements according to the invention. 

Relatively large quantities of aerogels were produced by the method according to Example 
7 disclosed in the not pre-published German Patent Application 196 48 798. Three 
stations are built up. The first station consists of a spray tower in which water glass is 
sprayed together with the specific quantity of hydrochloric acid. According to the design 
of the mixing nozzle, so this results in particles of approx. 1 mm diameter which are 
spherical in shape and which precipitate in a vapour atmosphere. The particles are 
extracted at the bottom end of the spray tower as an aqueous suspension and are delivered 
to a filter belt on which they are washed by being rinsed with electrolytic water to remove 
the salt. The belt throws the aerogel particles directly into the reaction container 
according to the invention and which is placed beneath it, the said container, once it has 
been filled, being closed by a lid which can be placed on it. A flexible bag will have been 
placed previously into the container and the aerogel remains in this. 

The bag consists of ECTFE fabric at the bottom and a less permeable PTFE needled felt 
at the walls and which forms at the opening a tube in which there is a PTFE tube with a 
core of spring wire which is closed into a ring at its ends by a small tantalum tube. 

Placed into a conventionally enamelled steel container bottom part (1) with a discharge 
union is a screen or grate of glass fibre reinforced PTFE which is eclecticalry conductive 
to avoid the risk of explosion and which is supported on a total of four parallel webs. An 
enamelled steel lid (2) with an agitator connection serves as the top part of the container. 



WO 99/J6170 



PCT/EP99/00125 



11 

A bottom and a top intermediate ring (3, 4) of steel with a PTFE coating are connected 
in gastight feshion to the container bottom (1) or container top (2) by mushroom head or 
ordinary screws. The upper intermediate ring (4) also carries an upper supporting grid 
(5). The supporting grid which consists of PTFE bars is clamped under the intermediate 
ring by a stiffening ring (6). Between stiffening ring (6) and supporting grid (5) is 
additionally placed a filter cloth (7) of ECTFE fabric of high permeability (150 urn mesh) 
which is fixed by means of PTFE screws and -washers. Between upper and lower 
intermediate rings is a seal (8). The bare of the upper supporting grid have projections (9) 
which project into the sealing gap so that the PTFE wall (10) of the bag and thus the bag 
is supported between seal (8) and projection (9) by a tube formed from the bag wall and 
housing the PTFE sheathed spring wire, so preventing the bag collapsing. The projections 
are so chamfered that they offer sufficient clearance for changes in length due to heat 
expansion. 

The reaction container is then moved to the second station where it is connected to the 
appropriate pipes. Initially, the gel is acidulated at this station in that hydrochloric acid 
is passed through it. Subsequently, a mixture of hexamethyl disfloxane and trimethyl 
chlorosilane is pumped through the aerogel whereby on the one hand the surface of the 
aerogel is rendered water repellent and on the other trimethyl chlorosilane and water react 
to produce hexamethyl disiloxane (HMDSO) and water. The reaction takes place in 
forced circulation, the hydrochloric acid arising being decanted off continuously. 

In the third and final station to which the container is moved, the water-and HMDSO- 
moist gel which is still very acid, is sub-critically dried. For this, nitrogen at temperatures 
around 180t is passed from the top downwards through the bulk material. The nitrogen 
is propelled in a cycle, accompanied by the moisture being condensed out. 

Afterwards, the container is opened and the bag is as a complete unit lifted out by means 
of sewn-on handles or tubes. This composite structure can then be stored separately or 
transported to the customer for further processing. 
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The mobile container which is enamelled on the inside to make it resistant to corrosion, 
need not be cleaned, because the bag was placed in it, so that it can be used again 
immediately for the next batch. 
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Patent claims 

1. A method of producing aerogels, characterised in that, following gel formation, 
the lyogel is transferred, for at least two further procedural stages, to a mobile 
container comprising inlets and outlets and in that for these procedural stages, the 
container is moved to appropriate stations for feeding and discharging substances, 
at which stations they are connected to feed and discharge means, and in that the 
procedural stages are carried out there. 

2. A method according to claim 1, characterised in that, at least at those locations at 
which gases or fluids emerge from the gel during at least one of the process 
stages, there are means permeable to gases and fluids but not to gels. 

3. A method according to claim 1 or 2, characterised in that the means permeable to 
gases and fluids but not to gels is a filter tray. 

4. A method according to claim 1 or 2, characterised in that the means permeable to 
gases and fluids but not to gels is a bag. 

5. A method according to one of claims 1 to 4, characterised in that the flow through 
the gel in the container is from the top downwards. 

6. An apparatus for carrying out the method according to one of the preceding 
claims, comprising a container with a container upper part (2) and container 
bottom part (IX an encircling seal (8) and a bag (10, 1 1) which can be placed into 
the container, characterised in that the bag (10) is at least partially connected to 
thickening elements (1 1) along the aperture and in that the container upper and 
bottom parts (2, 1) are, along their periphery, connected in gas-tight fashion to 
corresponding parts of a retaining device (3, 4, 5, 6, 7, 9) and in that the container 
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bottom part (1) can be connected in gastight manner to the bottom part of the 
retaining device (3), the seal (8) and the container top part (2) can be gas-tightly 
connected to the upper part of the retaining device (4, 5, 6, 7) and in that at least 
one of the parts of the retaining devices (3, 4, 5, 6, 7) comprises an aperture to 
receive the bag (10) and at least one of the parts of the retaining device (3, 4, 5, 
6, 7) contains a plurality of individual projections (9) or an encircling bead so that 
the minimum distance between the projections (9) for the bead from the other part 
of the retaining device is greater than the thickness of the thickening elements (1 1) 
of the bag (10, 11) and the rim of the bag together with the triickening elements 
(1 1) is supported between the projection (9) or bead and the seal (8). 

7. An apparatus according to claim 6, characterised in that the lower part of the 
retaining device is an intermediate ring (3) and the upper part of the retaining 
device is an intermediate ring (4) with a plurality of projections (9) or a bead along 
the inner aperture. 

8. An apparatus according to claim 6, characterised in that the lower part of the 
retaining device is an intermediate ring (3) and the upper part of the retaining 
device is an intermediate ring (4) with a screen (5, 6) provided on this intermediate 
ring and in that the projections (9) are provided on this screen. 

9. An apparatus according to one of claims 6 to 8, characterised in that the 
thickening element (1 1) is flexible. 

10. An apparatus according to one of claims 6 to 9, characterised in that the 
tMckening element (11) extends along the entire periphery of the opening, 

11. An apparatus according to one of claims 6 to 10, characterised in that the 
tWckening element (11) has springing properties. 
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12. An apparatus according to one of claims 6 to 11, characterised in that the 
thickening element (1 1) is disposed in a tube formed at the top end of the bag. 

13. An apparatus according to one of claims 6 to 12, characterised in that the 
thickening element (11) contains a springing metal wire connected to a ring. 

14. An apparatus according to claim 13, characterised in that the metal wire is 
enclosed in a material which is inert in respect of the chemicals used. 



